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ABSTRACT

A cmnprchensivs program is In progress at the Los Alamos National
Laboratory fnr tiw dovclopment of sensitive, practical, nondestructive
ass,lvt.r?chniquesfor th~ qumt.ification of low-level transuranlcs In
bulk solid wa’;te%. Thi’program encompasses irbroad r~nge of technique%,
incluflin(i“,cqlhi:,ticdtcd~ctiv~!and passive!galm-ray spectrCrSCOpy,
Ila%i,;v(’rlf’lllrnnrict.cct.inll<yr+t.rms,pulsed portabl[?nuut.rongr?ncralor
i!II.f’rrn[l(lf.1nrl\.yI1L(IIIF, , Ilrld(Iloclronaccelcrat.nr-!}i~:icdtechniques. The

t’?~hrli(lu(”,[.,inIII’III,W1wiI.h[~itherlow-level or hiqll-lcwelbet.a-qanmna
WI)”,LH’,iril~ilhcrll)ti-d{’rlsitynr hir;ti-d(msit.,ymatriccw.
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Four banks of polyethylene moderated 3He neutron detectors have
been added. The nwa%ured detectability limit (3,Jlevel nbove background,
1000-s count, total neutron count) for these neutron detectors Is 400
nCi/r.jfor weapons grade plutonium oxide. t3ecause3He detectors are
relatively Insensitive to photons, they can operate even in the presence
of high fission product backgrounds (1-10 R/h).

CRATE COUNTER

Much of the plutonium ,~nduranium waste generated in the nuclear
indu<try is ultimately packaqed in 20&t barrels or large crates havinq
t.ypic(lldinmn%ions of 1.0 m or more on a side. ArIactive/passive 47:
neutron counting systcm h,lsbeen cl~veiopcdto assay/screen these larg~y
crete% for their TRU content. Thi,;counter is timdefrom discrctc moderat[~d
3He neutron detector nmdulc% which are easily arranged into a variety of
a%sa.ychamber yeoun’tric”,.

Fiqurc 2 depict% the construction of the discrete counter Inodulcr
and tho i)lacenwntto form an assay chamher with irltcrnnldirmsions of
1.7x l.7x2.4m, rh~~Im.i]s.urcd41:d~tcct.iollcffic!r.ncyi~i this config-
umtion for iIhi~rt~ ralifm=nium smmm iS 14 ,
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BARREL COUNTER

sens”
The Los Alamos National Laboratory has developed an accurate, high
tivity assay instrument for the assay of TRU waste in 20B-k barrels.

The assay chamber of this differential die-awav svstem consists of a
qraphite”-and polyethyl~ne structure with a snliil,~~ulsedD + T neutron
~enerator inside. Both cadmium covered and bare ~lhneutron detectors are
Incorporated in the chamber, being placed external to the graphite but
inside the psl,yethylene. The qraphite and polyethylene moderate 14 MeV
neutrons, which ar~ completely thermalized in (1.7ms, The thermal
neutrons dic away in the interrogation cavity with a half life of ~bout
0,76 IIIS. The intert-ogatlnqthermal pulse l~<ts a long time in the
chamhcr and induccg t.hcrmalneuLrnn fission in any fiss”

$$5
,material

lJrUSell~ in Lho wastf: harrcl. lhis sovstcnltiasame,~sllrod Pu sensitivity
of 1 mq in a Wt-’) barrel. A cwrnpletedescription of this system,
includinq its iIf)[JliCatfOH !n mixed wastes (curium, californiunl,plutonium,
urdnium. americium, n p unium) and matrix correction methods, is presented

Min these pro~rcdinq%, s

An idml ‘,upplomrmtto the pulsed thermal nuutron intcrroqation
!I.yrtt(ql~~ qmnm-ray ~po(.t.ro~cnpy.This is particularly true for waste
cr)nt.dlrrlnqman,yi%otopo’,, (;allwnd-tdmy spect,rnscopvis srnsltive tO dll

rartina(.t.iv!!iclotopcs,in(ludin[]fission products, not,only TI?Uisotopes
that nith~r hav[!a ~,iqnifil:,lnt.spontamous F;ssion or neutrnn-induced
fi’.~;irjll(Zrnssscctioll. 5011W sucw:ific exan’plcsnt’i:;otnp~sthat cannot be
,l,-,riPd vi,ln~~l~r~ncl,h~t~:~11l~passny~d u~in

%11 ,111(1
qamma - r-a

5
spectroscopy

7.{7NI,,wili~hb,~vp(ldll(lhtt!r~.l’~qNpan{l?’ipd, rCSpeC\iV[ll.Y.drl)‘.
t.hllt.h,lv~(Inerq[?t,ic q;utlm,]r,ivs. An isctopr in thn !IrQ.yarm is 24 Am,
wllic}lhti’id low fi’,’,ilvltrn’;s‘ivct.ionm; spontormu% fisrion rate and ~
v[~rvirlf.{pll’.~~.but,low (’nrr(lv~1, 6flI.(V),qMIlklWI,V.

,f(,t i v~I/1),1.,\ ivp { dllllld-~”~ly‘;pmttmscn~~.ycan quiintifythe radioactl-~~
~:hl.,t.f,”,in ,1Ib,rrpl Ifl,I1 llv~IIl,lmiot.prohlnw iriril,li.,lct~’l”i,:ingthu matrix
1.()I;l,ll.[:l.~~[1ll[~t,~p.,.,,1~.v~[~~.t.(t~ti;)n,,to the qanul~-r,ly%if!rlilturos.Thuro nro
IWO CU!t.lyrliff~~lvv~t.t[whni(lu(!~..(W’ i% to usr ,?xtorn,ll:.ourccs,idrtnti,(ll
fr) t,hf~i’,otnp{!llin th[~l];lrr[~l,to ovor-ridn th[’l~,l~~lvo:;ignnl,tcrqivc
thflpff(ll:tiv(l,It.tf!flll,]finllilt Ilw ~h~~it=r!(im!rgics. Thn othor techniq~w
I-rIil~, orll,h(~f,lct Ih,lf dlM~vII.IINN1t 1‘)()kt~V,thl’,ltt.t’nu,lhioncoeffi~iont
vrlrin%‘;:wltlttlly,lnrlslowly ,1,IIfunct.innof Fnrl”qv, This technique
(ItIr,lfl.(!ri:[,,,Ill!!111,1t r i x ,IC, ,1 t unr t.ion of onorqy IWr ,1 lar!~c enor!]y

rllllllr!.Th(IIJIII}[’I’ Ihlrl [It’ 1“;11. 4 I;huws the lfn(~,lr t~t,r,r~mtlrm coef~icirnt
11’, d flm~.ti~ln nf Orwrllv fIIr ,111 ,lf,tuiilwd%tc litl)r(~l~, ‘ O,?i!g/cl’l’i),

1)11!I1110in t110flll:lrr~Ir,,1!inwlr Ip,ict SqU,IIIOI.fiL tp t,hcdata, Thctm(’
i‘,no ,1 I)r inr 1 rfIiII~(III t.n I’a:f lIIdfI ,1 I inmr rolnti(m’ihip tl~ytwncn : and ln([,),
[h{!Iklrrpl~,ulqMII,vdlY h,IL, ~hlllpr dnd ltlhnrdt,m-,v Ill(lf.C,W,Irr in it, ior
( mlh~t” i’, m. th(! lowrr ~mrt, of 1“ill, 4, ur,inll Lhr I,,IIIW ::cnlcs, shows tho
l~nwr att,wll~at,lout:nvtfl~.iont,,1’.,]f:lnf:t.lonnf ~~nrrrlvfor pyrl?xqlnfirh
(1 l),p~r]/~11]~),“TllI~l.tti{,v(~ry~l{d illl/”lWIN~rlt,, bnt.hIn lilaqnit~ldcand in
‘)l(]p~~,[]i~t.wfvl!lthv ~W(Jllll)f’~,Thrt.(’i’;,1~lllilllrurvaturc!to th~ dnt,,l,lf,
low tvlrgr(ll~}~.INJt ~ho d,~t,,li~r[~dpllroxiIIMt.(~l,v1inc,lrtlhovf?,~bout150 hN.
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ACCELERATOR BASED ASSAY SYSTEM

A LINAC can be the heart of a complete assay system. Photofission
interrogation offers good sensitivity for TRU, but because of the
similarity of phototission cross sections for both fissilc and fertile
isotopes and other high Z materials, such as lead, identification of
specific nuclicies is difficult. Thermnl neutron interrogation offerr
high sensitivity for fissile isotopes but essentially none for fertile
isotopes. A combination of neutr~ and phototlinterrogation can sopar-zt~’
the fissilc and fertile isotoper.19

Plmtc)nsarc produced in n bremsst.rahlungtargnt. The beam passps
through ilpolyethylene slat]to harden the photon spectrum. A [)ortionof
the higher energy photons iihove v~rious reaction threshold energies will
IIroduce photonrwt.rnns. A horyliium convtvtf!rc~n ,Ilsohe usccito siqnif-
icllntlyincre(]s[ptlIO ~hlotxmeutronflux. i’hotnncutrons ,lnd prompt photo-
fission mutrqns will thcrnulize in i] f~w tens of microseconds and will
pursist as thcrnulr for hundrpds of microseconds, during which time thcv
will q~neratc therm,ll nputrm fissinns among t,he fissile TRU. Prompt
I“issionneutrnn~ fr.m thernldlfisrion are s,.qmr~trdin timo from the
phntoneutrr)nsand can srrvo a% ,1qunntitativc siqnaturr. The detection
:w’l~)odi’,Lhl.ditl”[!r,*tlti,~ldi(~-,lw,l.y\y~tcvl.7-q
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(NE 102) coupled to a photodiode. Spatial resolution in these preliminary
measurements is about 1 cm. This can be optimized by changing the speed
of the scanning table, the dwell time per channel of the multichannel
scale, and the repetition rate of the LINAC.

SonE measurements have been made using a NE 102 plastic scintillator
coupled to a photomultiplier tube with only 3 dynodes in the string
cmnected. Three beam cnerqies, 4, 6, 8 MeV, have been used to try to
improve the contrast in the riidiograph.

To further complete an assay, the LINAC can be used to identify
matrix constitui~ntsusing the thermal neutron capture reaction (n;Y).
Preliminary measurcnmts have identified cadmium and aluminum. The hyper-
pure qermonium detf!ctorwas severely affected by the gamna flash $rum the
I.INACdnd was paralyzed for several nnlliseconctsafter the flash. Thus,
tho prompt capture ~-mna rays were missed and only a few ganma rays from
thcrnldlneutron ~ctlvation were detected. Efforts nrc under way to reduce
the pfiralysistime of th~:d~tectot-.

Similar matrix studier can he r;ade using other external neutron
~b~cf, or even th~ internal ne[ltr~nsources contained.~ourcf?s.‘;uchas

within the Wflstf!.Ghviou!tl.y,the~e methods do not sufrer from detector
pdr,!l.y”,if,I.roblems. 7aI)l~I I shows the ~xperimontally measured dct~~t,z-

I,illty limit (3I lPV[?I ,It)ovn hackqround, 1000-s count) fnr various
clf~ll~i]t.l; located in the -: barrel. Thusc nwasurc-

:’~~[~~r~~u~~~lo~o~~c~ % a hi qhl, y CO11 i mated 16IImntS ~llll)loy~d i] 5fl-11~

uffici[:ntGr(l.i)detector. Th(!rlialn;utrnn capture is ;]articularly
wn%itcivo to neutr:]nIm]’;nns. A d~t(’(.t(lhilitylimit hclnw 1 g is achiev[’d
for ,111th[’twu(rorlIM)]C.[MISuxcupt lithium. The :NMN’sensitivity or

ilithium i“.hrIcausl~t.hf’l:t-im~ryncutrnn nhsorhintllit.hiu~lii,otopu, Ii,
[,IIJI. II I*P’; nout. ron’l w i t lmu~ l’mi tt i n(i Itil HIIIll rll,y~.

:w.w:r.fwr.s
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TABLE 1. Elemental Thermal Neutron Capture Gannna-Ray
Sensitivities for 2(18-Liter-DrumAssays.

............. ........-.—---..----.--.— -.—-.-—.——-— ..-—.---—--.--——

Element
------ .... .......-.

Ilydrogenc
Helium
Lithiur#
Beryllium
Borond
Carbon
Nitragenc
Ox);gen
Fluorine
Sodium
hrlrlp~im
I! I umi nun!:
Silicon
~’tlU\~Jtl(_)rll’,
5111 fur

[lhlcvintl
I’utd:,’lium

Calciulv
5c13ndiull:
“Titanium
Vanadium
!Chrnmi um
~;;;;n~v~

Cohdlt
!Iirk[:l
l:()~lpr!r
/inc
C~dmiIImd

f;dclo Ii ni 1111+
Mprrury

Number of Detectability
Ganma-Ray Linesa Limitb

------.-..---_—-—-_.-.-..— —- --—-.—- ——— —..-—

1 14.2 g
o
7 3.2 kg
7 8.5 kg

150 mg
; 40.3 kg

43 1.7 kg

1! 5.6 kg
51 176 g
;~ 286 q
51 605 iJ
27 970 g
fln 2 kg
33 400
41 15.3 :
8[1 280 q
46 792
f17 21.C :
3’1 45.2 g
62 63.2 g
56 Z(2 q
7(i 48.2 q
42 5(M? g

29 g
;; 122 g
66 95
71 1.2 :q
3!; 420 Inq
1/ !]79 Hlq
41 3.2 ~
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FIGUNE 2. Modul,lr4“”nmltron ~ssay
chamber.
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